Background Aseptic osteolysis has been the single most important factor limiting the longevity of a THA. A great deal of attention has been focused on the development of implants and materials that minimize the development of osteolysis. The monoblock porous tantalum acetabular cup was designed to minimize osteolysis, but whether it does so is unclear. Questions/purposes We evaluated the incidence of osteolytic lesions after THA using a monoblock porous tantalum acetabular component. Methods We retrospectively reviewed 51 patients who had a THA using a monoblock porous tantalum acetabular cup. At a minimum of 9.6 years postoperatively (average, 10.3 years; SD, 0.2 years; range, 9.6-10.8 years), a helical CT scan of the pelvis using a metal suppression protocol was obtained. This scan was evaluated for the presence of osteolysis.
Introduction
THA relieves pain and improves functional scores and quality of life in the patients with advanced osteoarthritis of the hip [8, 15, 18, 21, 25, 33] . Despite consistentlyreproducible, positive improvements in pain and functional scores, a number of factors limit the longevity of THA prostheses. One of the most important factors leading to the premature failure of a THA is periprosthetic osteolysis [2, 7, 9, 12, 18] . Osteolysis is a chronic inflammatory response driven by macrophages that have been stimulated by particles generated by implant wear. This inflammatory response can cause massive bone loss, leading to implant loosening and ultimately failure of the THA [1, 7-9, 12, 13] .
Monoblock acetabular components have been utilized as an alternative to cemented polyethylene and uncemented modular acetabular implants in an attempt to enhance initial fixation and reduce the rate of osteolysis [21, 22, 29, 30] . A monoblock design carries the potential advantages of minimizing conduits for migration of wear particles, eliminating backside polyethylene wear, and reducing debris from locking rings. Coupled with these advantages, monoblock implants introduce the potential disadvantages of the inabilities to see if the cup is fully seated during implantation, to easily exchange a polyethylene liner, and to modify the orientation of an elevated liner at final implantation.
Porous tantalum has been used as an alternative metal for use in acetabular implants due to its unique mechanical properties and its potential for bony ingrowth [3-5, 31, 37] in the hope that these properties would help prevent osteolysis. Porous tantalum has been utilized in a monoblock acetabular cup design, and the early clinical results of this implant have been promising [3, 5, 11, 21, 22] . The study with the longest followup (mean 7 years) reported no osteolysis and evidence of bone ingrowth [21] . However, that study used plain radiographs to evaluate osteolysis and bone ingrowth. Multiple studies suggest radiographs underestimate the incidence and extent of osteolysis [10, 14, 19, 27, 28, 34, 38] , and several authors state helical CT is the modality of choice to detect these lesions [19, 26, 32, 34] . Thus, the true incidence of osteolysis with this implant is unclear.
We determined the incidence of osteolysis after THA using a monoblock porous tantalum acetabular component using helical CT with a metal suppression protocol and compared these results with other implants described in the literature.
Patients and Methods
We evaluated all 111 patients who underwent a THA with a porous tantalum monoblock acetabular cup (Hedrocel 1 monoblock acetabular cup; Zimmer, Inc, Warsaw, IN) between January 1998 and March 1999. At approximately 10 years postoperatively, these 111 patients were contacted and invited to return for radiographic followup. A CT scan was obtained from 51 patients. Twenty-five patients were deceased upon attempting to contact them. The other 34 patients are currently being contacted for followup. The average age of the patients at the time of surgery was 57.5 years (SD, 1.3 years; range, 40-74 years). Minimum followup was 9.6 years (average, 10.3 years, SD, 0.2 years; range, 9.6-10.8 years). This retrospective study was approved by our University's Institutional Review Board. Informed consent was obtained.
One surgeon (SDS) performed all procedures. A posterolateral approach was utilized. The polyethylene in this implant was irradiated to 4 rads in an inert environment and compression molded into the porous tantalum shell. Either an uncemented Biomet custom-made porous-coated titanium femoral stem (Biomet, Inc, Warsaw, IN) or a cemented Smith and Nephew Spectron 1 Enhanced Fixation femoral stem (Smith and Nephew, Memphis, TN) was implanted, and a 28-mm cobalt-chrome femoral head was used. All patients were seen at 6 weeks, 3 months, 6 months, 1 year, 2 years, and 5 years postoperatively. A clinical examination and radiographic evaluation with plain radiographs was performed at these intervals.
At 10 years, a helical CT of the pelvis using a metal subtraction protocol was obtained to evaluate for the presence of periprosthetic osteolysis. The CT protocol was a metal artifact suppression technique that involved reconstruction in the axial, coronal, and sagittal planes. These CT scans were then independently evaluated by two authors (TCM, SDS) and an independent radiologist (RY), all blinded to the clinical and plain radiographic results; this protocol has been used extensively at our institution to evaluate a number of different implant designs and combinations [26, 32] . Osteolysis was defined as any sharply demarcated area adjacent to the acetabular or femoral implant devoid of osseous trabeculae, with or without sclerotic margins [6, 19, 26, 32, 34] . The CT scans were evaluated for osteolysis in all three planes, and an osteolytic lesion was deemed present if it was present on one radiographic plane, regardless of whether it was present on any of the other planes of view. The presence of a lesion, as well as the location and size of the lesion, was recorded and quantified [6, 19, 26, 32, 34] .
Results
No osteolysis was observed in either the pelvis or proximal femur in any of the CT scans obtained. Axial (Fig. 1A) , coronal (Fig. 1B) , and sagittal (Fig. 1C) images from a representative CT scan are shown. Although the CT scans showed no osteolysis, given the density of the tantalum implant and subsequent scatter involved, it was not possible to accurately determine the extent of bone ingrowth into the cup.
Discussion
Periprosthetic osteolysis continues to be a problem limiting the longevity of a THA. A monoblock porous tantalum acetabular cup is an implant possessing unique characteristics that could potentially minimize the development of osteolysis. Early clinical studies with this implant report low rates of osteolysis [21, 22, 36] ; however, these studies are limited by their use of plain radiographs in their radiographic analysis. We evaluated for the presence of osteolysis using CT with a metal suppression protocol. The rate of osteolysis obtained in this evaluation was then compared to the rates of osteolysis for other implants described in the literature.
There were shortcomings in this study. The most important limitation of the study was the 34 patients lost to followup. Having data for these patients would unquestionably improve the validity of this study. Some among these 34 patients had shorter-term radiographic followup with plain radiographs. However, given the superiority of CT to plain radiographs in detecting osteolysis [10, 19, 26, 32, 34] , reporting on these results would not provide any new information that cannot be found elsewhere in the literature [22, 23, 25, 36] . No other study, to our knowledge, reports the CT evaluation of this specific implant at such a long duration of followup. The second limitation of this study concerns the implant itself; porous tantalum is a dense metal and introduces a substantial amount of scatter in CT images. This artifact impairs one's ability to interpret the images in CT scans. Tantalum reportedly creates more artifact on CT scan than other metals, particularly titanium [20] . However, despite this limitation, useful CT images can be obtained despite the scatter created by tantalum [35] . Additionally, the artifact introduced by tantalum does not affect the images superior and inferior to the acetabular cup in the axial plane; thus, any osteolysis superior or inferior to the implant would be easily detected. Also, the contralateral hip was not affected by osteolysis but was nevertheless subjected to the scatter caused by the tantalum. The contralateral hip served as an internal control and gives a baseline for evaluation of the trabecular pattern and architecture immediately around the implant. The third limitation of this study was the use of two different femoral constructs in the study population. The use of a single femoral implant would have improved the validity of the study. Serendipitously, as there was no osteolysis detected, this limitation was minimized. Finally, we were unable to quantify the amount of wear rates in the polyethylene. This information would be useful for evaluating the performance of the polyethylene within this specific implant.
When compared with other studies in the literature, our data show the porous monoblock acetabular cup has a lower rate of osteolysis than other implants (Table 1 ). This contrast is most apparent when the implant in this study is compared with modular titanium implants [8, 15, 33] . There is a paucity of data in the literature evaluating a monoblock porous tantalum acetabular cup. However, our data confirm the findings of other studies evaluating this implant, in which no osteolysis was noted at intermediate followup [21, 22, 25, 36] . However, these studies are limited in that they used plain radiographs in their radiographic evaluation, and it is well acknowledged plain radiographs underestimate rates of osteolysis [6, 10, 19, 26, 32] . To our knowledge, there is only one study in the literature reporting CT results of a monoblock porous tantalum acetabular cup [24] . Meneghini et al. [24] reported CT results on nine monoblock porous tantalum cups at a mean followup of 7.7 years and found no evidence of osteolysis. Our data expand and elaborate on the information currently in the literature.
The reasons for this lack of osteolysis in THAs using a monoblock porous tantalum acetabular cup cannot be precisely explained but likely are due to a combination of the monoblock design of the cup and the porous tantalum in the implant. In studies of how different acetabular implant designs influence patterns of osteolysis, Kitamura et al. [16, 17] suggest a monoblock design can limit the development of osteolysis to the periphery of the implant and eliminate the development of central lesions by excluding a central hole and holes for supplementary screws. These results have been replicated in the work of Sculco et al. [23, 29, 30] , who found no evidence of osteolysis leading to loosening in 218 hips with a monoblock titanium acetabular cup at an average followup of 7.2 years. Studies on tantalum monoblock cups using plain pelvic radiographs show a unique cancellous bone densification at the cup-bone interface, suggesting excellent ingrowth into the component and a warding off of the implant-bone interface from the effective joint space [21, 22, 25] . Meneghini et al. [24] , using quantitative CT scan, reported an increase in bone mineral density around tantalum acetabular implants compared with titanium implants, again suggesting superior bone ingrowth into the implant. By eliminating potential conduits for the propagation of wear particles and enhancing bone ingrowth to help seal off the effective joint space, a monoblock porous tantalum acetabular cup can diminish the incidence of osteolysis. The advantage of the minimization of osteolysis with the use of this implant must be tempered with the potential disadvantages of a monoblock implant, as discussed above. Although all cups in this series were implanted within the safe zone, two patients required revision for recurrent dislocation. Revision of a well-fixed, well-positioned monoblock acetabular cup is a formidable technical challenge.
In conclusion, we found no evidence of osteolysis at 10 years on helical CT with a metal suppression protocol in patients who had a THA with a monoblock porous tantalum acetabular cup. The imaging modality used and the duration of followup make our data unique in the current body of literature regarding acetabular implants and their relation to the development of osteolysis after THA. 
